A new class of bimetallic isopropoxides of nickel(II) with niobium and tantalum with the general formula, Ni[M(OPr')6]2, (where M = Nb or Ta) have been synthesized by the reaction of nickel chloride isopropanolate, NiCl2-A:Pr'OH, with potassium hexaisopropoxy metalates, KM(OPr')6, (M = Nb or Ta) in the molar ratio 1:2. These derivatives have been characterized by elemental analyses, molecular weight determinations, infrared and visible reflectance spectro scopy in addition to magnetic susceptibility measurements. Alcohol interchange reactions of these bimetallic alkoxides have also been studied. On the basis of above studies, an octahedral geom etry has been assigned to Ni(II) in primary bimetallic alkoxides while in secondary derivatives, it appears that there exists an equilibrium between octahedral and tetrahedral forms.
Adams et al. [1] have reported the synthesis and Nickel chloride hexahydrate (B .D .H .) was made physico-chemical studies of nickel dim ethoxide in 1966, after which tertiary butoxide [2] and halo alkoxides [3] have also been reported in the litera ture. Recently in our laboratories, detailed investiga tions have been carried out on nickel(II) alkoxide derivatives [4, 5] . In contrast to the insoluble and polymeric nature of these derivatives, M ehrotra et al. [6, 7] have been able to synthesize soluble and vol atile bimetallic alkoxides of nickel with aluminium in which the [A l(O Pr')4]-unit was found to act as a tridentate ligand.
In view of the above, it was considered worthwhile to synthesize also the bimetallic alkoxides of nickel with other metals. In the present communication we describe the synthesis and physico-chemical studies of the bimetallic alkoxides of nickel(II) with niobium(V) and tantalum (V ).
Experimental
All glass apparatus fitted with standard inter changeable joints was used and stringent precautions were taken to exclude the moisture from the system. All fractionations were carried out in a column packed with Rasching rings and fitted to a total con densation variable take off still head.
Benzene and alcohols were dried according to lit erature procedure. A cetylacetone was purified by careful fractionation over aluminium isopropoxide (b.p. 135-139 °C). anhydrous by heating it carefully in an atm osphere of dry hydrogen chloride gas. Nickel chloride iso propanolate was prepared according to the method described by M ehrotra and co-workers [4] . Niobium and tantalum isopropoxides were prepared by the ammonia method [8] .
Analytical methods and physical measurements
Nickel was estimated gravimetrically as its di methyl glyoxime complex after removing niobium or tantalum as pentaoxide by precipitation from am monium hydroxide in the presence of ammonium chloride at pH 9-10. Alcohols were determ ined by an oxidimetric method [9] .
Infrared spectra were recorded as Nujol mulls in the range of 4000-200 cm -1 on a Perkin-Elmer-577 grating spectrophotom eter. Electronic reflectance spectra were recorded in benzene or T H F solution on a Pye Unicam spectrophotom eter. Magnetic m easurem ents were made at room tem perature by the standard Gouy m ethod. Molecular weights were determ ined in a semi-micro ebulliom eter (Gallenkam p) equipped with a therm istor sensor using ben zene as solvent.
Reaction o f nickel chloride isopropanolate with potassium hexaisopropoxy niobate in 1:2 molar ratio
A freshly prepared solution of potassium hexa isopropoxy niobate [prepared by refluxing potassium m etal (0.31 g) in -20 ml isopropanol and niobium isopropoxide (2.9 g) in -25 ml benzene] was added to nickel chloride isopropanolate (0.97 g) suspended in -20 ml isopropanol with little am ounts of py ridine. A fter refluxing the reaction mixture for 6 h, precipitated potassium chloride was filtered bottom of the flask. Crystals were separated by deoff, excess of solvent was distilled out from the fil-cantation and dried separately under reduced träte and the concentrated mass was left overnight.
pressure. The com pound can be recrystallised from A violet coloured crystalline compound settled at the benzene-isopropanol mixture (yield 75%). The bimetallic isopropoxide of nickel with tan talum was also prepared by using the same techni que. Synthetic and analytical data are given in Table II. 
Reactions o f nickel niobium isopropoxide with prim ary alcohols
A n excess am ount of alcohol (M eO H , E tO H , Pr"O H or Bu"OH) was added to the benzene solu tion of nickel niobium isopropoxide. The reaction m ixture was refluxed for ~3 h, followed by the dis tillation of excess solvent (benzene, alcohol). The product was finally dried under reduced pressure.
Similar alcoholysis reactions were also carried out with nickel tantalum isopropoxide by employing the same m ethod. F urther data of all these reactions are summarised in Tables I and II, respectively.
Reaction o f nickel niobium isopropoxide with tertiary butyl and amyl alcohol
As the procedure is the same for both of the reac tions, the common method for the reaction of nickelniobium isopropoxide with tertiary butyl alcohol is described and others are summarised in Tables I and  II, respectively. Nickel niobium isopropoxide was dissolved in ~4 0 ml benzene and ~2 5 ml of tertiary butyl al cohol added to it. The reaction mixture was refluxed over a fractionating column and the isopropanol lib erated during the reaction was continuously fraction ated out with benzene between 72-80 °C. A fter the com pletion of the reaction, excess of solvent was re m oved under reduced pressure and the compound was finally dried. A violet solid was obtained. 
Analysis fo r N i[N b(O B u')4(O P^)2]2

Reaction o f nickel niobium isopropoxide with acetylacetone in 1:4 and 1:8 molar ratio
A mixture of nickel niobium isopropoxide (1.96 g) and acetylacetone (0.83 g) was refluxed in -60 ml benzene for ~4 h with the continuous fractionation of the liberated isopropanol with benzene between 72-80 °C. The completion of the reaction was checked by estimation of isopropanol in the azeotrope. Removal of the solvent under reduced pressure yielded a green solid product. Similar reactions were also carried out with nickel tantalum isopropoxide by adopting the same route. The details of the reactions are tabulated in Tables I  and II , respectively.
Analysis fo r N i[N b(O Pri)4(acac)
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Results and Discussion
In the present investigations, the bimetallic isopropoxides of nickel with niobium and tantalum have been synthesized by the reaction of nickel chloride isopropanolate with KM (O Pr')6 in 1:2 stoichiometric ratio in benzene-isopropanol mixture. (A little am ount of pyridine was added to facilitate the dis solution of nickel chloride isopropanolate in iso propanol.)
(where M = Nb or Ta).
These compounds are violet crystalline solids, sol uble in common organic solvents, and can be recrys tallised from benzene-isopropanol mixture or from «-hexane. On attem pted distillation, they decom pose around 100 °C, even under reduced pressure. They are found to be monomeric in refluxing ben zene.
These bimetallic isopropoxides react quantitative ly with an excess of primary alcohols.
(where M = Nb or Ta; R = Me, Et, Pr" and Bu").
These primary bimetallic alkoxides are either green solids, semi-solids, or viscous liquids, soluble in benzene and the parent alcohol. They all are non volatile in nature.
It has been noted that when the reactions of Ni[M (OPr')6]2 have been carried out with an excess of tertiary-butyl and -amyl alcohol, the replacement of isopropoxy groups by tertiary butoxy and amyloxy 
(where n -4 or 8).
1:4 products are green solids while 1:8 products are brown solids in both of the cases.
Magnetic studies
M agnetic moments of these derivatives have been m easured at room tem perature in the solid state, and the values are listed in Tables VI and VII. The primary and secondary bimetallic alkoxides show a m oment in the range of 3.15-3.45 B.M. which corresponds to two unpaired spins anticipated for the octahedral geometry [10] . The higher value of magnetic m om ent as com pared to the spin only value of 2.83 B.M. may be due to some orbital contribu tion. (O rbital contribution is known to raise the magnetic mom ent of octahedral Ni(II) complexes from 2.83 B.M . to 2 .9 -3 .4 B .M .)
The mixed tertiary bimetallic alkoxides of Ni(II) show a magnetic moment of 3.70± 0.1 B.M ., which is in the range (3.5-4.2 B.M .) expected for te t rahedral nickel(II) complexes [11, 12] .
Spectroscopic studies
Infrared spectra: Infrared spectra of all the deriva tives were recorded in the range 4000-200 cm-1 and are summarised in Table III . They exhibit the characteristic frequencies for alkoxy groups, niobium-oxygen, tantalum-oxgen and nickel-oxygen bonds.
Electronic spectra: The data for the electronic spectra of the products are also summarised in Tables IV and V.
Ni[M(OR)(,]2 (where R = Me, Et, Pr" or Bun)
The electronic spectra of the primary bimetallic alkoxide derivatives of nickel(II) are typical of diva lent nickel in an octahedral environment [13] , exhibit ing two bands in the regions 11,834-15,422 cm-1 and 22,222-25,381 cm-1. These two transitions can be assigned as 3A 2g-3T lg(F) (v2) and 3A 2g-3T lg(P) (v3), respectively, for the octahedral geometry. The third band (V[) has been calculated by the equation sug gested by Underhill and Billing [14] ,
N i[M (O P /)6]2
The spectra show the main bands, characteristic both for octahedral as well as tetrahedral geometry Table III [7] , The spectra exhibit two bands in the regions 12,300-13,624 cm -1 and 23,148-23,364 cm-1 which can be assigned as v2 and v3 transitions for an oc tahedral geom etry. In addition to the above bands, one doublet in the region 17,000-19,000 cm-1 also appears which is indicative of tetrahedral geometry and can be assigned as the v3 transition for this geom etry. T herefore, it appears that there is an equilibrium betw een octahedral and tetrahedral forms for these derivatives. W hen the spectra for these derivatives were re corded in tetrahydrofuran solution, the tetrahedral transition alm ost disappears and only two bands at around 13,690-14,225 cm-1 and 23,923 cm -1 have been observed which are characteristic of the oc tahedral configuration. This indicates that the te t rahedral form tends to transform into an octahedral geometry by addition of two tetrahydrofuran molecules.
Ni[M (OPrJ)2(O R ')4]2 (R = Bu, A m )
The spectra of mixed tertiary butoxy and tertiary amyloxy derivative show more predom inant bands characteristic for tetrahedral geometry. This can be explained on the basis of steric factors. The tertiary alkyl groups are more ramified in comparison to primary and secondary ones and hence the tendency of attaining octahedral geometry is expected to be considerably reduced in these cases.
The values of magnetic m om ent are also indicative of predom inant tetrahedral geom etry in these com pounds. On the basis of the above studies, the following structures have been suggested: 
